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© Method for the epitaxial growth of a semiconductor structure. 



© A method, and devices produced therewith, for 
the epitaxial growth of sub-micron semiconductor 
structures with at least one crystal plane dependen- 
cy grown, buried active layer (24) consisting of a III- 
V compound- The active layer (24) and adjacent 
embedding layers (23, 25) form a heterostructure 
produced in a one-step growth process not requiring 
removal of the sample from the growth chamber 
inbetween layer depositions. The layers of the struc- 



ture are grown on a semiconductor substrate (21) 
having a structured surface exposing regions of dif- 
ferent crystal orientation providing growth- and no- 
growth-planes for the selective growth process. The 
method allows the "production of multiple, closely 
spaced active layers and of layers consisting of 
adjoining sections having different physical prop- 
erties. 
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Technical Field 

The invention concerns a method for the epi- 
taxial growth of a semiconductor structure with at 
least one crystal plane dependency grown, buried 
active layer consisting of a lll-V compound. The 
active layer and adjacent embedding layers form a 
heterostructure produced in a one-step growth pro- 
cess not requiring removal of the sample from the 
growth chamber inbetween layer depositions. The 
layers of the structure are grown on a semiconduc- 
tor substrate having a structured surface exposing 
regions of different crystal orientation providing 
growth- and no-growth-planes for the selective 
growth process. Also disclosed are buried 
heterostructure semiconductor devices that can be 
produced applying the inventive method. 

Background of the Invention 

In today's semiconductor technology there is 
an increasing demand for still smaller structures 
resulting in faster devices and allowing for higher 
packaging densities. For electronic and optoelec- 
tronic devices this has lead to the development of 
buried heterostructures in which the active layer, 
serving e.g. as a FET channel or as the light 
emitting layer in a diode laser, is embedded in a 
material providing for electrical and/or optical con- 
finement. 

Classically, such buried structures have been 
realized using crystal growth processes requiring 
two or more steps with intermediate lithography 
and etching. However, since the interfaces are, 
prior to the second step, exposed to air or etch- 
ants, causing oxidation and contamination, and be- 
cause a substrate cleaning process is not possible 
without destroying the created pattern, defect gen- 
eration at these interfaces is a problem since yield, 
reliability and controllablity are seriously effected. 

Therefore, one-step growth of buried 
heterostructures on patterned substrates has at- 
tracted much attention. When using, e.g., Liquid 
Phase Epitaxy (LPE) or Metal Organic Vapour 
Phase Epitaxy (MOVPE) processes, due to dif- 
ferent growth mechanisms certain planes (such as 
(111) and (011)) act as no- or low-growth planes for 
specific compounds (e.g. Gain As) whereas other 
compounds (e.g. inP) grow non-selectively on all 
planes. This allows the in-situ burying of, e.g., low- 
gap materia! (GalnAs) into wide-gap material (InP) 
without contamination of the heterointerfaces. 

For certain device designs, selective lateral 
epitaxial growth of semiconductor material in a 
one-step growth process is desirable. For LPE, 
such processes have been described in a number 
of publications for which the following are repre- 



sentative : 

"Growth Effects of InGaAs on InP Structured Sub- 
strates" by N.Chand et al. (Electr.Lett., Vol.18, 
No. 14, July 1982, pp.613-614); 
5 "Single Mode InGaAs/lnP Buried Waveguide Struc- 
tures grown on Channelled (111)B InP Substrates" 
by T.M.Benson et aL (Electr.Lett., Vol. 18, No.19, 
Sept. 1982, pp.81 2-81 3); 

"LPE Growth Effects of InP, InGaAs, and InGaAsP 

w on Structured InP Substrates" by N.Chand et al.- 
(J.Crystal Growth, 61, 1983, pp.53-60); 
"Novel High-Speed InGaAs/lnP Lateral Phototran- 
sistor" by N.Chand et al. (Electr.Lett., Vol.21, No.7, 
March 1985, pp.308-310). 

is These references describe selective lateral 

growth of InGaAs and InGaAsP on sidewails of 
channels etched into low-growth (111)B-oriented 
InP substrates. The selective growth occurs on the 
rounded channel sidewails of undefined orientation. 

20 The use of such methods is limited because of the 
inherent limitations for small, high-speed devices. 
The active layer, grown on a rounded sidewall, is 
geometrically undefined and is not suitable for 
high-performance sub-micron devices. In addition, 

25 the highly super-saturated LPE process does not 
allow the growth of well-defined sub-micron epitaxy 
layers. The undefined geometry of the layers also 
prevents use in devices requiring the growth of 
closely-spaced multiple active layers, e.g., for laser 

30 array structures. 

More recently, weakly super-saturated growth 
processes such as MOVPE, VPE or C8E have 
been developed. They allow the selective, crystal 
orientation dependent deposition of very thin lay- 

35 ers, down to the sub-nm range. The state of the art 
is represented by the following articles : 
"Selective Epitaxial Growth of GaAs by Low-Pres- 
sure MOVPE" by K.Kaman et al. (J.Cryst.Growth, 
73, 1985, pp.73-76); 

40 "A Study of the Orientation Dependence of Ga(Al)- 
As Growth by MOVPE" by S.Hersee et al. 
(J.Cryst.Growth, 77, 1986, pp.31 0-320); 
"A Novel Technology for Formation of a Narrow 
Active Layer in Burried Heterostructure Lasers by 

45 Single-Step MOCVD" by A.Yoshikawa et al. (IEEE 
J. Quantum Electronics, 23, June 1987, pp.725- 
729); 

"A Novel MOVPE Technology for a Single Stage 
Growth of Buried Ridge Double Heterostructure 
so Lasers and Waveguides" by M.Scott et al. (MOVPE 
Conference Japan, 3. Cryst. Growth, 93, 1988, p. 
820); 

"Buried GalnAs/lnP Layers grown on non-planar 
Substrates by one-step low-pressure Metal Organic 
55 Vapor Phase Epitaxy" by Y.Galeuchet et al. 
(Appl.Phys.Lett., Vol. 53, No. 26, Dec. 1988, p. 
2638), and by the 
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87/00694 "Method for Producing a Heterostructure 
Device". 

tn these references growth processes for pro- 
ducing buried layer structures are described using 
selective growth techniques that allow one-step 
processes. In all tests made and for the applica- 
tions proposed, the substrate is oriented such that 
the growth plane, normally (100)-oriented, is par- 
allel to the initial unstructured horizontal substrate 
surface whereas the no-growth surfaces, mostly 
(1 1 1 )-oriented planes revealed during a pre-epitax- 
ial etching step, are inclined forming an angle with 
the horizontal substrate surface. In the resulting 
structures, the vertical dimension of the buried ac- 
tive layer is determined by an epitaxial growth step 
which can be accurately controlled. However, the 
process for determining the lateral, horizontal di- 
mension either involves lithographic steps with their 
inherent limitations or require complicated, low- 
yield processes virtually preventing the realization 
of well-defined submicron buried structures in a 
production line, it has been found that these pro- 
cesses are, in fact, non-operational for very small 
dimensions (Article "Fabrication of Nanometer 
Width GaAs/AIGaAs and InGaAs/lnP Quantum 
Wires" by B.E. Maile et al, Microelectronic En- 
gineering 6 (1987), pp. 163 - 168). These pro- 
cesses are, furthermore, not suited for the fabrica- 
tion of closely spaced multiple buried structures 
that are highly desired for a range of advanced 
high-performance devices. 

Summary of the Invention 

It is a main object of the present invention to 
provide a one-step growth method for the fabrica- 
tion of buried heterostructures with active layers of 
very small, quantum effect size dimensions that are 
well-defined in both, the vertical and the lateral 
direction. 

Another main object is to provide a method for 
the fabrication of small semiconductor channels 
with dimensions determined with nm accuracy us- 
ing simple processes that have proven to be reli- 
able. 

A further object is to provide a method allowing 
the fabrication of structures comprising multiple, 
closely spaced buried active layers with sub-mi- 
cron dimensions. 

Still another object is to provide high perfor- 
mance semiconductor devices such as FET's or 
diode lasers comprising well-defined sub-micron 
buried heterostructures. 

The invention as claimed is intended to meet 
these objectives and to remedy the drawbacks and 
deficiencies of known buried structure methods and 
devices. The invention solves the problems hitherto 



encountered by growing the semiconductor struc- 
ture, including the buried active layer, on a sub- 
strate which is oriented such that its surface is 
substantially parallel to a crystal plane on which the 

5 active layer will not grow. The surface is structured 
to provide at least one inclined side slope parallel 
to a crystal plane on which the active layer can 
grow at a substantial rate. Using a weakly super- 
saturated growth process such as MOVPE, a stack 

?o of layers is grown onto the structured substrate 
surface, the stack comprising one or more con- 
formal layers, non-selectively grown, and, buried 
therein, the geometrically well-defined active layer 
or layers, selectively grown onto a growth plane 

zs side slope. 

The advantages offered by the invention are 
mainly that the one-step growth technique allows 
the growth of buried active layers having very 
small, well-defined vertical and lateral dimensions, 

20 using easy-to-control processes with nm accuracy: 
the vertical dimension being determined by an etch 
process (used to structure the substrate surface) 
whereas the lateral dimension is determined by the 
epitaxial growth onto an inclined growth plane. The 

25 inventive selective growth method permits the re- 
alization of a wide range of devices requiring, for 
high performance, active layers of very small, 
quantum effect size dimensions. In case multiple 
layers are employed, these can be very closely 

oo spaced. 

Description of the Drawings 

35 The invention is described in detail below with 
reference to drawings which illustrate specific em- 
bodiments of the invention, and in which 

Fig. 1A - 1G are illustrations of the steps of 
the inventive method applied to fabricate a buried, 
40 III- V compound active layer or channel. 

Fig. 2 is a perspective view of a selectively 
doped One-Dimensional Electron Gas (ODEG) FET 
produced in accordance with the invention. 

Fig. 3 is a corss sectional representation of a 
45 first embodement of an array of buried active lay- 
ers produced in accordance with the invention. 

Fig, 4 is a cross-sectional representation of a 
second embodiment of an array of buried active 
layers produced in accordance with the invention, 
so Fig. 5 is a cross-sectiona( representation of a 

structure with an array of laterally stacked ternary 
GalnAs and quaternary GalnAsP layers fully em- 
bedded into InP layers. 

55 

Detailed Description 

Embodiments of the invention will now be de- 
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scribed, by way of example only, with reference to 
the accompanying drawings. 

In Figures 1A to 1G, the successive steps of 
the inventive method applied to produce a buried 
layer heterostructure, are illustrated in detail. In the 
embodiment described with the aid of these fig- 
ures, a GalnAs/lnP material system is used : 
GalnAs forms the narrow bandgap active layer, 
whereas InP serves as wide bandgap material for 
the encapsuling layers hurrying the active layer. 
Under proper process conditions, GalnAs exhibits a 
crystal plane dependent growth behavior in that it 
will grow at a substantial rate on "growth planes '\ 
e.g., on (100)-oriented surfaces, but not on "no- 
growth" planes such as (111). In contrast thereto, 
InP grows plane independent forming layers con- 
formal with the underlying structure. 

As illustrated in Fig. 1A, the process is initiated 
starting with a (1 11 )-oriented InP substrate 11, i.e., 
its upper (111) surface represents a no-growth 
plane for GalnAs. Deposited on substrate 11 is a 
Si02 layer 12 having a thickness of between 50 nm 
to several hundred nm. 

Next, stripes are defined along the (110)-direc- 
tion and, using standard photoresist and lithog- 
raphy, the Si 02 is selectively removed to obtain 
the etch mask 12a as shown in Fig. 1B. Either 
buffered HF or a reactive ion etch process is used. 

Then, either in a wet chemical etch process, 
e.g., Br- Methanol, or, for even better geometrical 
control, by reactive ion etching, e.g., CH4, a groove 
is etched into the InP substrate 11, the patterned 
Si02 layer 12a serving as mask. Only the left hand 
sidewall or facet of the groove is shown in Fig. 1C. 
The etching conditions are selected such that the 
facet provides a growth plane for GalnAs, in the 
example (100). 

Articles "LPE Growth Effects of InP, InGaAs, 
and InGaAsP on Structured InP Substrates" by N. 
Chand et al. (J. Crystal Growth, 61, 1983, pp. 53 - 
60) and "A Novel Process for Reactive Ion Etching 
on InP, using CH4/H2" by U. Niggebruegge et al. 
(Inst. Phys. Conf. Ser, No. 79, 1986, pp. 367 - 372) 
describe typical processes that can be applied to 
obtain the desired substrate pattern. 

After etching, Si02 etch mask 12a is removed 
using buffered HF. The patterned substrate, shown 
in Fig. 1D, with horizontal (111) surfaces and in- 
clined (100) facets, is then loaded into a conven- 
tional MOVPE growth chamber. 

For the subsequent epitaxial growth processes, 
the following growth conditions and materials are 
chosen : 

- Substrate temperature : between 550 and 650 
degree C; 

- Group V sources : PH3 and AsH3; 

- Group III sources : Trimethyl compounds of Ga 
and In; 
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- Group III flow : low rate resulting in a growth rate 
of below 2 nm/s; 

- Group V flow : a rate at least hundred times 
higher than that of the group III compound facili- 

5 tates the plane selective growth. 

With these conditions, the layers of the buried 
layer structure are deposited as follows : 

- Conformal growth of an InP buffer layer 13 over 
the defined substrate surface pattern, i.e.. on (111) 

w planes as well as on (100) planes (Fig. 1E); 

- After changing the gas composition : growth of 
the low gap GalnAs layer 14. Due to the incom- 
plete decomposition and high mobility of growth 
species on the (111)-plane, growth of GalnAs pro- 
fs ceeds locally only on the pre-defined (100) growth 

planes where the final decomposition occurs by 
surface catalytic enhanced reactions (Fig. 1F). 
Growth is continued until the desired lateral thick- 
ness of the active GalnAs layer 14 is obtained ; 

20 - After changing the gas composition again : 
Growth of an InP capping layer 15. This layer 
grows conformal to the original substrate surface 
structure and hence completes the embedding of 
the GalnAs layer 14.(Fig. 1G). 

25 The thickness of the various layers can be 
anywhere between about one nanometer and sev- 
eral micron. It is determined by the specific re- 
quirements for the device to be produced. 

The foregoing process description is only ex- 

30 emplary of the inventive method. It should be noted 
that the materials used, the substrate orientation, 
the thicknesses and other dimensions as well as 
the process parameters are selected for clarity of 
illustration and are not to be interpreted in a limit- 

35 ing sense. 

Particularly worth mentioning in this context is 
the choice of suitable materials. In the described 
example, GalnAs is used as narrow bandgap, 
selective growth material, InP as wide gap, con- 

40 formal growth material. Another combination e.g., 
would be AIGalnP/GaAs. 

Prerequisite for the inventive method is not 
only to provide a pair or set of materials for a 
heterostructure with layers having different physical 

45 properties such as bandgap, refractive index and/or 
doping. Neither is it sufficient to use a pair of 
materials where both exhibit the same plane de- 
pendent growth behavior. It is essential that the 
plane dependency of the growth of the materials 

so can be individually adjusted so as to be different 
from each other. The simple AlGaAs/GaAs system, 
where crystal plane dependent growth is usually 
found to be similar for both, the wide gap AIGaAs 
and the narrow gap GaAs, would not provide the 

65 required difference in crystal orientation dependent 
growth. 

Fig. 2 shows, perspectively, a field effect tran- 
sistor 20 that can be fabricated with the inventive 

4 
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method. More particularly, the structure shown is a 
so-cailed One Dimensional Electron Gas field effect 
transistor (ODEG-FET). 

The transition from the traditional MESFET to- 
wards the 2-dimensiona! electron gas FET (known 
as, e.g., MODFET or HEMT devices) has resulted 
in strongly enhanced device performance, particu- 
larly with respect to transit frequency and noise. 
Theoretical papers predict a further substantial im- 
provement if the free motion of the carriers is 
reduced to 1 dimension. Reference is made to an 
article "Mobility in a Quasi-One-Dimensional Semi- 
conductor : An Analytical Approach" by G.Fishman 
(Phys. Review B, Vol. 34, No. 4, 1 S.August 1986, 
pp 2394-2401). 

Despite some early pioneer work, an experi- 
mental verification has not yet been provided due 
to technological difficulties in the realization of 
highly conductive 1 -dimensional selectively doped 
FET channels with quantum size effect dimensions 
of the order of below 50 x 50 nm. 

The new process herein described allows the 
fabrication of such 1 -dimensional devices. The 
principal processing sequence for the fabrication of 
the device shown in Fig. 2 corresponds to that 
used to produce the structure shown in Fig. 1G, 
with some particular requirements and deviations : 

Again, an GalnAs/lnP material system is cho- 
sen. A semi-insulating tnP substrate 21 is used on 
which a high quality 100 nm Si02 mask 22 is 
deposited and patterned (as illustrated in Fig. 18). 
The subsequent etching into the InP substrate is 
controlled to obtain an etch depth of less than 50 
nm (Fig. 1C). Contrary to the step represented in 
Fig. 1D, i.e., the complete removal of the etch 
mask, the mask 22 (Fig. 2) remains on the sub- 
strate during growth. Although not essential, this 
facilitates device fabrication and offers higher per- 
formance. After loading the sample into a growth 
chamber, the following layers are deposited under 
the same conditions as used for the process illus- 
trated in Figures 1E, 1F and 1G : 

- Undoped InP buffer layer 23 is grown conformal 
to the patterned substrate; depending on growth 
conditions, either highly resistive poly material is 
deposited on mask 22, or there is no deposition at 
all on the Si02. Both results are suitable for the 
further process. 

- Growth of an undoped GalnAs channel 24 
(corresponding to layer 14 in Fig. 1F) on the re- 
vealed (100)-facet by plane selective growth. The 
growth time is adjusted to achieve a lateral GalnAs 
layer thickness on the (100)-facet of below 50 nm. 

- Growth of an n-doped InP conformal cap layer 25 
of about 50 nm thickness covering the exposed 
semiconductor surface. This n-lnP layer provides 
for two functions : (1) It acts as electron donator for 
the low gap 1 -dimensional GatnAs channel 24, and 



BNSDOCID <EP 0386388A1> 



(2) it buries the channel 24 into wide gap material 
(23 and 25) to form the selectively doped 1 -dimen- 
sional electron gas channel. 

After the growth process, a metallization layer 

s is applied and standard source (26), gate (27) and 
drain (28) contacts are defined analog to the well 
known common FETs. This contact metallization is 
deposited onto the exposed semiconductor sur- 
faces and either on the high resistive poly-lnP that 

70 may cover the Si02 mask 22 or directly on the 
Si02 in case there had been no growth on the 
Si02 surface during the InP growth step. Conformal 
layer 25 provides for low contact resistance to the 
source (26) and drain (28) metallization and a 

15 Schottky contact to the gate (27) metal. 

Performance and advantages provided by such 
ODEG-FET devices are discussed in the above 
mentioned article by G.Fishman and are not dis- 
cussed in detail here. The use of the one-step 

20 growth method in producing ODEG-FETs allows 
high drive currents since, due to the selective dop- 
ing, high channel conductances can be achieved. 
Since the buried device, produced in one growth 
step, is free of surface and interface states, precise 

25 control over the channel pinch-off and turn-on is 
possible. If even even lower impedances are re- 
quired, a plurality of channels could be realized by 
growing several layer sequences as will be de- 
scribed below. 

30 For a variety of advanced semiconductor de- 
vices such as FETs or diode lasers, it is desirable 
to realize a plurality of closely spaced or periodic 
embedded layers or channels. Figures 3 and 4 
show examples of structures having closely spaced 

35 layers. These structures can be produced in accor- 
dance with the inventive method within one growth 
step and without requiring any high resolution lith- 
ography. 

The process steps for these structures are 
40 essentially the same as those explained in connec- 
tion with Figures 1A through 1G with the following 
deviations : 

For the structure of figure 3, the steps "growth 
of layer 14" and "growth of conformal layer 15", as 

45 illustrated in Figures 1F and 1G, respectively, need 
to be repeated for each additional active layer or 
channel desired. The completed structure 30 then 
consists of a stack of conformal layers 33, 35, 37 
and 39, deposited on substrate 31 and completely 

so embedding the active layers 34, 36 and 38. 

The structure 40, shown in Fig. 4, comprises 
an array of active channels 42, 44, 46 and 48, each 
of which being produced in accordance with the 
process used to fabricate layer 14 of the structure 

55 illustrated in Fig, 1G. In producing structure 40, a 
plurality of grooves is etched into substrate 41 and, 
contrary to the above described processes, the 
active layers are deposited at both sidewalls or 

5 
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facets of the grooves. For simplicity, no conformal 
layers, embedding layers 42, 44, 46 and 48, are 
shown in Fig, 4. 

Another important application of the present 
invention will now be outlined with the aid of the 
structure schematically shown in Fig. 5. 

Since both, ternary GainAs and quaternary 
GalnAsP layers show crystal plane selective 
growth, the inventive method allows the fabrication 
of laterally defined GalnAs/GalnAsP layer se- 
quences which can then be embedded by a con- 
formally grown InP layer. 

The process steps for the structure of Fig. 5 
are again essentially the same as those explained 
in connection with Figures 1A through 1G. This 
with the exception that the step "growth of active 
layer 14", illustrated in Fig. 1F, is repeated while 
periodically changing the composition of the de- 
posited compound from GainAs to GalnAsP and 
vice versa until the required number of "pairs" is 
obtained. This layer sequence can then be embed- 
ded by conformaily growing InP corresponding to 
the process leading to the structure of Fig. 1G, The 
completed structure 50, deposited on substrate 51, 
then consists of laterally stacked pairs of GainAs 
and GalnAsP layers 54.1/56.1, 54.2/56.2 ... 
54.6/56.6 that are embedded in InP conformal lay- 
ers 53 and 55. 

The lateral sequence of GalnAs/GalnAsP layers 
provides for modulation of (1) the refractive index, 
a feature of great importance for distributed feed- 
back reflectors, and (2) the bandgap, which is 
highly desirable for certain advanced devices such 
as quantum well wire devices requiring high filling 
factors. 

For quantum well wire lasers, the lateral stack 
of GalnAs/GalnAsP layers can be directly embed- 
ded into n-and p-type InP cladding layers (53,55) 
which act as optical confinement and as injectors 
for minority carriers. The composition of GalnAsP 
can be adjusted to any desired lattice matched 
bandgap (e.g. 1 eV). The actual laser element can 
be obtained by cleaving or etching the structure of 
Fig. 5 at the planes designated A and B. 

From the structures illustrated in Figures 3, 4 
and 5, and from the respective discussions, it is 
evident that extremely dense packed, closely 
spaced sequences of uitra-thin Ill-V layers are 
achievable. 

The key aspects of the above described inven- 
tion can be summarized as follows : 

Using an advanced growth technique such as 
MOVPE, which allows precise control of layer thic- 
knesses in the Angstrom range, and combining the 
conformal growth and the plane dependent growth 
features of suitable material systems with a sub- 
strate orientation in a non-growth direction, geomet- 
rically well defined embedded layers with quantum 



well vertical and lateral dimensions (below 50 nm) 
can be realized. 

In contrast to structures grown using two or 
more growth steps with intermediate processing, 

s the buried layers obtained with the inventive single 
growth step method are free of possible interface 
states that, otherwise, may seriously deteriorate 
device performance; in the case of diode lasers it 
is, e.g., known that interface states cause severe 

70 reliability problems. 

Since MOVPE allows conformal growth on 
small dimension structures with high precision, ac- 
curately maintaining the defined underlying struc- 
ture, periodic or quasi-periodic structures can be 

75 realized with a high degree of control of the geom- 
etry of the embedded layers. 



Claims 

20 

1. A method for the epitaxial growth of a semi- 
conductor heterostructure with at least one plane- 
selectively grown lll-V compound buried active lay- 
er (14) on a structured semiconductor substrate, 

25 comprising the steps of 

- providing a semiconductor substrate (1 1 ) having a 
crystal orientation such that the substrate surface is 
substantially parallel to a crystal plane ((111)) on 
which the growth rate of said Ill-V compound ma* 

30 terial is nil or very low, 

- structuring the substrate surface to provide at 
least one well-defined inclined planar surface, par- 
allel to a crystal plane ((100)) on which the Ill-V 
compound material will grow at a substantial rate, 

35 and 

- growing, onto the structured substrate surface, in 
a one-step growth-process a sequence of semicon- 
ductor layers including 

o at least one Ill-V compound active layer (14), 
40 selectively and laterally grown directly onto the 
inclined planar surface or a surface parallel thereto, 
and 

o at least one non-selectively grown conformal 
layer (15) of a material exhibiting a crystal plane 
45 dependent growth behavior different from that of 
the material of the active layer (14), and covering at 
least the active layer. 

2. A method as in claim 1, wherein a further 
conformal layer (13) is grown onto the structured 

so substrate surface prior to growing the active layer 
(14) and the conformal layer (15) whereby the 
active layer (14) is completely embedded within 
the conformal layers (13, 15). 

3. A method as in claim 1 or 2, wherein a 
55 plurality of closely spaced buried active layers (34, 

36, 38), separated by conformal layers (35, 37), is 
produced by repeating the sequence of growing an 
active layer (34) and a conformal layer (35) for 
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each desired additional active layer (36, 38). 

4. A method as in claim 1 or 2, wherein an 
array of closely spaced buried active layers (42, 
44, 46, 48) is produced by structuring the substrate 
surface so that a plurality of well-defined inclined 5 
planar surfaces is provided, parallel to a crystal 
plane {(100)) on which said llt-V compound material 

will grow at a substantial rate, onto which the active 
layers (42, 44, 46, 48) are simultaneously grown, 
followed by the growth of the conformal layer. io 

5. A method as in claim 1 or 2, wherein a 
lateral stack of a plurality of adjoining active layers 
(54.1,56.1; 54.2,56.2;...) of varying physical prop- 
erties is produced by repeating the step of selec- 
tively growing an active layer (54.1) with changing 75 
composition, and subsequent growing of the con- 
formal layer (55). 

6. A method as in claim 5, wherein the com- 
position of the active layers changes periodically. 

7. A method as in claim 1, wherein the active 20 
layer (14) consists of Gain As and the conformal 
layer (15) of InP. 

8. A method as in claim 1, wherein the active 
layer (14) consists of Galnp or AIGalnP and the 
conformal layer (15) of GaAs. 25 

9. A method as in claim 5, wherein the layers 
(54.1,56.1; 54.2,56.2; ..) of the stack of active layers 
consist of GalnAs and GalnAsP, respectively. 

10. Semiconductor heterostructure device 
grown on a structured semiconductor substrate (11) 30 
with at least one buried active layer (14) of a group 

Ili-V compound, wherein 

- the substrate orientation is substantially parallel to 
a crystal plane ((111)) on which the growth rate of 

the lll-V compound material is nil or very low, 35 

- the substrate surface is structured to provide at 
least one welldefined inclined planar surface par- 
allel to a crystal plane ((100)) on which the llf-V 
compound material can grow at a substantial rate, 

and in that 40 
• the active layer (14) is deposited on the inclined 
planar surface or a surface parallel thereto and 
covered with a conformal layer (15) exhibiting a 
crystal plane dependent growth behavior different 
from that of the material of the active layer (14). 45 

11. A semiconductor device as in claim 10, 
wherein the active layer (14) is embedded in- 
between two conformal layers (13, 15). 

12. A semiconductor device as in claim 10, 

with a plurality of closely spaced buried active so 
layers (34, 36, 38), separated by conformal layers 
(35, 37). 

13. A semiconductor device as in claim 10, 
comprising an array of spaced buried active layers 

(42, 44, 46, 48) deposited on a plurality of well- 55 
defined inclined planar surfaces parallel to a crystal 
plane ((100)) on which the lll-V compound material 
can grow at a substantial rate, the active layers 
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being covered by the conformal layer. 

14. A semiconductor device as in claim 10, 
comprising a lateral stack of a plurality of adjoining 
active layers (54.1,56.1; 54.2,56.2; ...) of varying 
physical properties, the stack of active layers being 
covered by the conformal layer (55). 

15. A semiconductor device as in claim 10, 
wherein the cross-section of the active layer (14) is 
in the order of below 50 x 50 nm and thus suitable 
for quantum effect devices. 

16. A semiconductor device as in claim 11, 
wherein the active layer (14) consists of narrow 
bandgap material such as GalnAs and the con- 
formal layers (13, 15) of wide bandgap material 
such as InP. 
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